ABSTRACT The study evaluated the antimicrobial resistance of molecularly characterized strains of Staphylococcus aureus and S. saprophyticus isolated from 3 Lebanese dairy-based food products that are sometimes consumed raw: kishk, shanklish and baladi cheese. Suspected Staphylococcus isolates were identified initially using standard biochemical tests, then strains that were confirmed by polymerase chain reaction (29 S. aureus and 17 S. saprophyticus) were evaluated for their susceptibility to different antimicrobials. The highest levels of contamination with staphylococci were in baladi cheese. Resistance rates ranged from 67% to gentamicin to 94% to oxacillin and clindamycin. The results suggest that these locally made dairy-based foods may act as vehicles for the transmission of antimicrobial-resistant Staphylococcus spp. 
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Introduction
Milk and milk-based food products are highly susceptible to microbial attack because of their rich composition, which provides a favourable medium for growth of a host of spoilage agents [1] . Unpasteurized milk may become contaminated with enterotoxigenic coagulase-positive Staphylococcus spp.
[2], either through contact with the cow's udder during milking or by crosscontamination during processing [3] . Symptoms such as nausea, vomiting, abdominal cramps and diarrhoea usually appear 1-6 hours after ingestion of the enterotoxins produced in contaminated milk [4] . Consequently, enumeration and identification of staphylococci in dairy products is a priority in developing public health measures to reduce foodborne disease outbreaks [5, 6] . The uncontrolled application of antimicrobials in the environment is leading to a constant increase in the rate of antimicrobial resistance among community-acquired staphylococci [7, 8] . Staphylococcus spp. can rapidly acquire resistance to a broad range of antimicrobials, thereby posing a major concern in the treatment of staphylococcal infections [9] . Studying antimicrobial resistance in humans and animals is important for detecting changing patterns of resistance, implementing control measures on the use of antimicrobial agents and preventing the spread of multidrug-resistant strains of bacteria [10] .
In Lebanon, Ministry of Public Health data showed an increase in the number of reported cases of food poisoning, from 43 in 2002 to 373 in 2004. Some of these cases were related to the consumption of homemade cheese [11] . The Lebanese Bekaa valley is known for its production of a wide range of dairy products that are consumed all over Lebanon. Most of these foods are produced in "cottage industry" conditions using traditional techniques with little emphasis on hygiene practices. The most common Lebanese dairy products are baladi cheese (white, semi-soft cheese), kishk (dried, fermented milkwheat mixture) and shankleesh (cheese balls). The objective of this preliminary study was to assess the prevalence and antimicrobial resistance of S. aureus and S. saprophyticus in baladi cheese, kishk and shankleesh. Identification of these pathogens is important for surveillance, prevention and control of milk-borne diseases.
Methods
Baladi cheese, shankleesh and kishk were collected randomly from the Bekaa valley area of north-east Lebanon. Samples were collected on 4 trips between the months of August and December 2004. Target locations for sample collection included markets, houses and small family farms. In total, 164 samples were collected (83 kishk, 45 baladi cheese and 36 shankleesh). All samples were packaged in sterile bags and kept on ice in a refrigerator until brought to the laboratory. Samples were analysed within 24 hours.
Samples were diluted and macerated in a stomacher for 3 minutes. Further serial dilutions of samples were inoculated on duplicate plate count agar (for aerobic plate counts), McConkey agar or violet-red bile agar plates (Oxoid) (for total coliform counts) [12] , and mannitol salt agar (for Staphylococcus spp.) (Oxoid) [7] . Plates were incubated at 37 °C for 24 hours.
Identification was carried out using standard methods [13] . All purple colonies on McConkey agar were considered as coliforms. Golden-yellow colonies surrounded by a yellow halo and white mucoid colonies were considered possible S. aureus and S. saprophyticus respectively, and were selected for further biochemical and molecular testing. Positive controls were performed by inoculating sterile milk with S. aureus, and S. saprophyticus obtained from the American type culture collection (ATCC), cultured, plated and incubated for 24 hours at 37 °C.
Based on Staphylococcus spp. counts, all samples were classified according to Public Health Laboratory Service guidelines [14] as satisfactory, acceptable, unsatisfactory and potentially hazardous. In the case of Staphylococcus spp., a sample was considered potentially hazardous if the bacterial count exceeded 103 colony forming units/g. Suspected colonies were characterized biochemically. Presumptive staphylococcal colonies were confirmed by Gram staining. All Gram-positive cocci were divided into species on the basis of the type of haemolysis on blood agar. Colonies showing no haemolysis were suspected to be S. saprophyticus and subjected to PCR confirmation.
Isolates showing α-haemolysis were further tested using a latex agglutination test (Pastorex Staph-Plus, BioRad), which is indicative of the presence of S. aureus [15] . PCR was used for further molecular confirmation of the positive isolates [16] .
Extraction of DNA from both species of Gram-positive staphylococci was performed using the GFX Genomic Blood DNA Purification Kit (Amersham Biosciences). Amplification was performed from purified genomic DNA. Two sets of primers were used for the detection of Staphylococcus spp. For S. aureus detection, the nucA primer pair, designed by Palomares et al. was used to amplify a 279-bp fragment within the nucA gene. For S. saprophyticus, a primer pair yielding a 380-bp product was used [17] . Negative controls (no DNA template added) and positive controls (containing template DNA from S. aureus, or S. saprophyticus) were included in each PCR reaction performed. An aliquot of 10 μL of each PCR-amplified sample was mixed with 2 μL of 6× loading dye (BioRad) and loaded onto a 1.5% agarose gel stained with 0.25 μg ethidium bromide. Electrophoresis of the amplified DNA fragments was carried out in 0.04 M Tris-acetate/0.001 M EDTA at a constant voltage of 90 V for 100 minutes. The gel was visualized by UV illumination and photographed [8] .
Positively identified Staphylococcus strains were tested for their susceptibility to different antimicrobials using the disk diffusion method with incubation at 37 °C overnight [18] . Six different antimicrobials were used: oxacillin (1 μg), teicoplanin (30 μg), gentamicin (10 μg), clindamycin (2 μg), vancomycin (30 μg) and methicillin (5 μg) (disks supplied by BioMerieux). Isolates were described either as resistant (not inhibited), or sensitive (appropriately inhibited) based on the size of the inhibition zone [18] .
Statistical analysis
Statistical analyses were carried out using SPSS, version 11.0. The chi-squared test was used to compare the percentages of contamination of the 3 different dairy products tested.
Results
A total of 321 colonies were identified morphologically as suspected Staphylococcus spp. and were subjected to Gram staining; 254 were identified as Gram-positive cocci. Of these, 78 isolates showed no haemolysis on blood agar and were presumed to be S. saprophyticus. A total of 146 isolates showed complete lysis on blood agar, which is a typical of S. aureus. Of these, 41 isolates were positive by latex agglutination test and were presumed to be S. aureus. Isolates showing partial haemolysis on blood agar were discarded. Presumed S. saprophyticus and S. aureus isolates were kept and subjected to PCR using specific primers.
Of the 41 suspected S. aureus isolates, 29 were confirmed by PCR. All 29 isolates gave a clear 279 bp band, with the nucA primer pair (Figure 1 ). For S. saprophyticus, 17 of the 78 suspected isolates were confirmed using PCR. All 17 gave a 380 bp band with the sta-sap primer pair.
Of the 46 PCR-confirmed staphylococci isolates, 45 (97.8%) showed resistance to 1 or more antimicrobials while 61.0%, mostly S. aureus, showed resistance to all 6 antimicrobials. The isolates showed highest resistance to oxacillin (93.5%) and clindamycin (93.5%), followed by methicillin (84.8%), teicoplanin (76.1%), vancomycin (71.7%) and gentamicin (67.4%).
Microbiological quality of the tested dairy products

Bacterial counts
All the cheese, shankleesh and kishk samples had high aerobic plate counts; 76% of baladi cheese samples, 67% of shankleesh samples and 64% of kishk samples were contaminated with Staphylococcus spp. According to the guidelines provided by the Public Health Laboratory Service (PHLS), a sample is considered unfit for consumption if it contains only 1 colony of Staphylococcus spp. in 25g of sample. Therefore, all baladi cheese, shankleesh and kishk samples that showed the presence of Staphylococcus spp. were graded as potentially hazardous. Cheese samples were of significantly lower microbiological quality compared with the other 2 dairy products (P < 0.05).
PCR confirmation
Out of the 45 baladi cheese samples, 19 (42.2%) were positive for S. aureus and 3 (6.7%) were contaminated with S. saprophyticus based on PCR analysis. Only 1 baladi cheese sample was contaminated with both Staphylococcus spp. With respect to the 36 shankleesh samples, 2 (5.6%) tested positive for S. aureus and 9 (25.0%) for S. saprophyticus. Only 8 (9.6%) of the 83 kishk samples were contaminated with S. aureus, whereas S. saprophyticus was isolated from only 5 samples (6.0%).
Discussion
Traditional handmade dairy products may be produced from raw milk heated for only a few minutes to temperatures that are not enough to kill many pathogenic bacteria. The continuous increase in food poisoning cases reported around Lebanon has highlighted the need to monitor the manufacturing of food products in order to avoid future health hazards [11] . Milking operations, including storage, handling and transport of milk to the consumer or the factory, are considered critical points where contamination may occur. The use of mechanical milking equipment and improved sanitary practices has reduced the opportunity for contamination of milk by humans [19] . If raw milk is not rapidly refrigerated, then S. aureus can grow and produce a heat-stable enterotoxin that is usually not destroyed by pasteurization [20] . Staphylococci are halophilic bacteria and are able to survive in conditions of very low moisture content. This microorganism grows best on proteinaceous foods such as meat, poultry, milk and their products.
With respect to the 3 dairy food types studied, contamination could have occurred at any step of production. One of the crucial steps in the production of kishk and shankleesh is drying in the open air. At this point, microbial contamination is likely to occur. Production of kishk involves rubbing of the mix by hand which provides ample opportunity for bacterial contamination. The major sources of contamination in production of baladi cheese are the milk and manual handling at the different stages of processing.
The 3 tested dairy products showed variability in their microbiological qualities that may be attributed to differences in their chemical and physical compositions. Shankleesh is usually coated with thyme, which has been demonstrated to show inhibitory effects against bacteria [21]. Moreover, shankleesh is stored in olive oil, which makes the medium anaerobic thus inhibiting the growth of all aerobic pathogens [22] . The low moisture content of kishk (< 10%), its acidic nature (pH ~ 3.8) and its high salt level (~ 2.8 g NaCl/100 g of the dried product) prevent the growth of most bacterial species [23] . Cheese, on the other hand, is highly susceptible to microbial attack due to its high moisture content and moderate levels of salt.
Foodborne diseases, and especially milk-related infections, are not limited to poorer countries. Even in industrialized countries it has been reported that around 2%-6% of the bacterial outbreaks in which the food vehicle is known were related to milk and dairy products [1] . In Lebanon, no previous studies were conducted to evaluate the contamination level of dairy-based foods. Most of the previous studies in Arab countries have investigated clinical isolates. However, recent research conducted in Egypt on 152 samples of dairy-based products resulted in the identification of 16 Cronobacter strains, of which 3 showed resistance to trimethoprim and/or neomycin [24] . The results of that study together with our results show that dairy-based foods might act as sources of contamination for different bacterial strains. Therefore more studies and continuous evaluation of the microbiological quality of dairy products in the region are needed.
The emergence of antimicrobialresistant bacteria is common to areas where antimicrobials are carelessly applied. One of the main reasons for the increase in environmental multi-drug resistant bacteria is the indiscriminate use of antimicrobials during animal husbandry. Because of the emergence of such bacteria, antimicrobials used in fighting infections are less effective. It is important to note that S. aureus can easily acquire resistance to most antimicrobials [9] .
In Lebanon, the antimicrobial susceptibility of Gram-negative bacteria has been largely determined for clinical isolates [25] . However, very little is known about antimicrobial resistance patterns of environmental isolates. In our study, it was striking to note that 97.8% of the tested staphylococcal isolates were resistant to at least 1 antimicrobial. Resistance patterns ranged from 67.4% for gentamicin and 93.5% for both oxacillin and clindamycin. The high resistance towards oxacillin can be explained by the fact that resistance to oxacillin might be either chromosome- or plasmid-encoded; therefore, it can easily be acquired in nature by horizontal gene transfer [26] . The fact that resistance is high in environmental isolates is mainly because antimicrobials are frequently prescribed by veterinarians as treatment for Gram-negative bacterial infections on farms. Thus, the indiscriminate use of those antimicrobial agents might account, at least in part, for such a high resistance.
This study provides some important baseline data about the contamination status of dairy-based food products in Lebanon and the patterns of resistance of Staphylococcus spp. towards commonly used antimicrobials. The presence of multi-drug resistant strains is alarming, because such strains are considered a serious danger to public health. Additional research is required to better define the ecology and evolution of bacterial resistance to antimicrobial agents in the environment as a whole. Further research and subsequent management of this problem is vital to help ensure that the emergence of drug-resistant bacteria is limited and that antimicrobial agents remain effective.
